The fields of phototherapy and of inorganic chemotherapy both have long histories.
Introduction
Transition metal complexes have proven success as anticancer agents.
1 Photoactivated chemotherapy (PACT) provides the opportunity for control over when and where a drug is activated, resulting in a greater specificity of drug action. The use of an inactive precursor or "prodrug" is an important strategy in drug targeting. 2 In this perspective, we discuss the photophysical and photochemical processes which can occur following photoexcitation of a metal complex, and the potential of PACT for cancer treatment shown by metal complexes. There are excellent reviews concerning the photophysical properties of metal complexes 3, 4 and the potential of photoactive metals for medicinal applications. 5 The effect of light on metal complexes and the subsequent effects on biomolecules, particularly DNA, is also well-documented. 6, 7 Here, we focus specifically on inorganic PACT anticancer agents, a few examples of which we recently highlighted. 8 We consider the photophysical and photochemical properties which are desirable, discuss the activation pathways available, and summarise the PACT potential shown by the d-block metals (see Figure 1 ). Photomedicinal applications of the lanthanides (largely radioimmunotherapy and photodynamic therapy) 9 and the anticancer activity of the main group metals 10 are both well-documented elsewhere 3 and will not be discussed, nor will the use of metal photochemistry for diagnostic (e.g. imaging, DNA footprinting, photoaffinity labelling) rather than therapeutic purposes.
What do metals offer for PACT?
Light can be used to alter the electronic structure of molecules, inducing changes in both physical and chemical properties. The excited state which is generated is typically short-lived; however, as the molecule returns to the ground state, the energy can be dissipated in a wide variety of ways, in the form of light or heat, a chemical modification of the structure or transferral of energy to another species. In contrast to organic species, metals have excited states that are often easily accessible by irradiation with visible and UVA light. Transition metal complexes with d 3 and d 6 electronic configurations are particularly promising, due to the favourable photophysical properties and the relative non-lability of complexes with these configurations. In particular, d 6 transition metal complexes can be used to exemplify the diversity of excited states that can be generated by light excitation, and the chemistry that is associated with their generation. Such classification is a simplification in some cases; orbitals may have mixed metal/ligand character depending on the nature of the metal-ligand bond and, furthermore, electronic transitions may involve more than two orbitals at a time. Once these excited states are generated they can undergo a series of physical radiationless processes which ultimately lead to the ground-state electronic structure; intersystem crossing (ISC), internal conversion (IC) vibrational relaxation, intramolecular vibrational redistribution and solvation dynamics (reorganisation of solvent shells). Radiative processes such as fluorescence (singlet-singlet) and phosphorescence (triplet-singlet) result in a return to the ground state, with emission of light of longer wavelength than was used for the excitation. Although, metal complexes generally emit from triplet states (i.e. phosphorescence dominates), their emissive properties differ significantly from those observed in organic chromophores.
Due to the efficient intersystem crossing promoted by the metal ion, the lifetime of such triplet states is typically on the 50 ns -1 μs timescale, much faster that of classical organic compounds (ms), and their emission quantum yield is relatively high. Multiphoton excitation is an effective way to extend the wavelength of excitation of a metal complex. 19 It imposes constraints on the structure of the compound, and the light source needs to have a high photon density (e.g. a femtosecond laser).
Consequently the excitation volume is much smaller than that for one-photon excitation since two photons need to be absorbed by the molecule simultaneously.
Mechanisms of anticancer action
Although often complex, rational improvement is only possible if the mechanism of action is at least partly understood. Where possible in this overview we highlight the mechanism proposed.
The mechanisms of action fall into three broad categories: Apart from the potential of the metal complex for photobleaching, this can be considered catalytic.
3)
Photothermal reaction: Conversion of excited state energy to thermal energy (e.g. nanoparticles, quantum dots). Due to the absence of radiative (emissive) decay, following photoexcitation the energy is released as heat, which then destroys the tumour.
The potential of d-block metals as photoactive anticancer complexes
Several excellent reviews have focussed on the handful of well-developed PACT metal complexes; 7, 20 here we discuss the general potential shown by d-block elements for PACT, highlighting that several photoactive metals have been scarcely investigated for PACT applications and as such, are worthy of pursuit. 39 In particular, the new generation complexes with antenna ligands have improved absorption properties (λ max 650 nm) since absorption at these longer wavelengths is useful for photoactivation in tissues. 40 Both porphyrin 41 and porphycene 42 Figure 4) can be activated at wavelengths where there is no apparent absorption, (λ irr > 500 nm) due to the direct population of weakly absorbing 3 MC states by photoexcitation from the ground state; these complexes exhibit moderate phototoxicity in tumour cells. 64 Group 12. Aside from the use of Zn-porphyrin and Zn-phthalocyanine derivatives in PDT, 21 Cd-based quantum dots (QD) represent the most promising development of group 12 for PACT application. 93 QD can be used to generate reactive radicals to kill tumours, at the same time offering highly tunable absorption and emission properties. 94 QD which are activated by X-ray -behaving as a PDT agent as well as a fluorescent marker -are particularly promising. 95 Explorations of Hg photochemistry do not appear to have been applied yet to biological systems, presumably for toxicity reasons.
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Highlights
In the following section we consider the potential offered by mixed-metal systems and Ru complexes. 
Steady-state and time-resolved studies 103 have highlighted that the direct (2) and back In addition to the photochemistry described, Ru-TAP and Ru-HAT derivatives also damage DNA by 1 O 2 photosensitization. However, the photoinduced electron transfer process that leads to the formation of stable and specific photoproducts makes this class of complexes potential candidates in PACT, where they can exploit a novel mechanism of action. is still much room for exploration in this young and promising field.
